A preliminary study was carried out to evaluate the performances of eight crops in the intercrop of citrus with arable crops at the National Horticultural Research Institute (NIHORT) Ibadan, Nigeria. Eight arable crops: maize, cucumber, sweet potato, Corchorus olitorius, large green, grain amaranth, Mucuna pruriens var. utilis, and groundnut were intercropped with young citrus trees in the early planting season of 2010 with sole citrus as control. The experiment was laid out in a completely randomized block design with three replicates. Data were collected on weed flora, weed density and weed dry weight. Results showed that the relative frequencies of weeds in all the plots were less than 4% at both 6 and 9 WAP. Gomphrena celosoides, Oldenlandia corymbosa and Tridax procumbens were most preponderant in appearing in all the plots. Tridax procumbens had a consistent relative frequency (2.34%) in all the plots except in citrus/ maize plot (0.78%) at 9 WAP. Significantly lower broadleaf weed densities were obtained in citrus/sweet potato, citrus/large green, control plot and citrus/cucumber (28.67, 45.00, 50.00 and 76.33 m -2 respectively) than in citrus/groundnut plot (143.00 m ) and citrus/groundnut plot (123.25 g m -2
Introduction
Citrus as a fruit crop acts as a rich source of vitamin C and other essential nutrients required by human body and this has necessitated its wide cultivation in Nigeria (Adewale et al., 1996) , Brazil, USA and other countries (Florida Citrus Agriculture, 2004) . The citrus trees take longer time to produce fruit and so short duration crops like chilli, amaranth (Aiyelaagbe, 2001) , turmeric, pepper, ginger and basil (Oyedele et al., 2011) can provide ready cash flow. In the southern part of Nigeria, a number of crops like cowpea, okra, water melon, pepper, amaranth and maize have been found to be compatible with citrus intercrop (NIHORT, 2000) . Intercropping is the cultivation of two or more crops at the same time in the same field. Its profits are risk minimization, increase in farmers' income and food security, reduction of soil erosion, pest and disease control (Bekunda, 1999; Bekunda and Woomer, 1996; Jodha, 1979; Owuor et al., 2002) . Depending on the crops intercropped, competition for water, light and nutrients may result in lower yields. Lower weed biomass has been reported in intercropping systems where a main crop was inter-sown with a "smother" crop species ( Jodha, 1979) . Greater crop yield and less weed growth can be obtained more frequently in intercrops than in sole crops. In East Africa fruit crops are usually intercropped with annual crops for example, banana is intercropped with food and / or fodder crops (Clark and Francis, 1985) while in India bananas are intercropped with potato which had resulted in good returns (Okigbo, 1979 ). An intercrop between citrus mandarin seedlings and cucumber has also been reported to give high yield of cucumber fruit and minimal interference in the growth of citrus seedlings which might be due to the low growing nature of the latter (Natarajaa and Nairk, 1992) . In Kenya, fruit trees are intercropped with all types of short term crops such as beans, peas, potatoes, maize, millet, exotic and indigenous vegetables when they are still young as a way of attaining food security and income before the trees mature. Intercropping can be used as an effective weed control strategy (George and Jeruto, 2010) as different plant types growing together enhances weed control by increasing shade and crop competition with weeds through tighter crop spacing. Data on the weed biomass and weed flora diversity in juvenile citrus intercrop with arable crops at the National Horticultural Research Institute, Ibadan, a south-west forest ecological zone of Nigeria has not been documented. It is therefore the objective of this study to investigate the weed biomass, weed density and weed species diversity of a citrus intercrop with some arable crops.
The arable crops were intercropped with the young citrus trees of about 3 years old. Land preparation was done manually by slashing with cutlass in late April, 2010 and the experiment was laid in a completely randomized block design with three replicates. The size of each plot was 6 m × 12 m. Maize and M. pruriens were planted at a spacing of 90 cm × 45 cm each, cucumber, groundnut and sweet potato at 60 cm × 30 cm each while Corchorus , large green, and grain amaranth were drilled at 30 cm apart each at a
Materials and methods
The study was conducted at National Horticultural Re- Note: AG = Annual Grass; PBL = Perennial Broadleaf; PG = Perennial Grass; PS = Perennial Sedge; ABL = Annual Broadleaf seed rate of 6 kg ha -1 between 29 April and 13 May. All the crops were planted at 1 m away from the base of the young citrus trees. Hoe weeding was done 2 times. Data were collected on weed density, weed dry weight and weed flora at 3, 6 and 9 WAP with the use of two 0.5 m × 0.5 m quadrate which were permanently placed randomly within each plot. Weeds within each quadrate were uprooted, sorted into broadleaves, grasses and sedges, identified, counted, and recorded to compute weed density. The weeds were then oven dried for 48 hours at 80°C and weighed to compute weed dry weight. Data on weed density and weed dry weight were subjected to analysis of variance using Genstat package while ecological analysis of the weed flora was carried out to determine the weeds relative frequencies.
Results

Relative frequencies of weeds
A total of 42 weed species belonging to 19 families were encountered in the course of this study (Tab. 1). Poaceae family had 10 species, Amaranthaceae and Asteraceae had 4 each, Euphorbiaceae 3, Commelinaceae, Convolvulaceae, Cyperaceae, Fabaceae, Portulaceae and Rubiaceae had 2 each while Caesalpinaceae, Cleomaceae, Lamiaceae, Piperaceae, Tiliaceae, Solanaceae, Sterculiaceae Urticaceae and Nyctaginaceae had 1 species each. There were 30 broadleaf weed species, 10 grasses and 2 sedges. At 6 WAP, citrus/ Corchorus plot had the highest number of weed species (19) followed by groundnut plot (17) - ) and at 9 WAP, while citrus/cucumber plot produced grass weed density that was at par with control plot (3.00 m -2 ), citrus/grain amaranth plot had no grass weed recorded.
Sedge weed density
Sedge weed density was not significant in all the periods of enumeration however, at 3 WAP, citrus/grain amaranth plot produced the lowest sedge weed density (1.67 weeds m -2 ) while the highest was obtained in cucumber plot (9.00 weeds m -2 ) (Tab. 4). At 6 WAP, citrus/sweet potato plot had no sedge weed at all while the control plot produced the highest (18.00 weeds m -2 ) and at 9 WAP, citrus/Corchorus plot produced the lowest sedge weed density (0.33 weeds m -2 ) and the highest value was obtained in the citrus plot containing grain/amaranth (5.00 weeds m -2 ).
Broadleaf weed density
Broadleaf weed density was not significantly affected at 3 WAP (Tab. 4), however, at 6 WAP, significantly lower broadleaf weed densities were obtained in citrus/sweet potato, citrus/large green, control (sole citrus) and citrus/ cucumber plots (28.67, 45.00, 50.00 and 76.33 weeds m ), however, this effect was not significant.
Grass weed density
Grass weed density was generally low in all the citrus plots planted to these arable crops at all the periods of enumeration (Tab. 4). At 3 WAP, citrus/cucumber plot produced the lowest grass weed density (3.00 weeds m Jodha (1979) and George and Jeruto (2010) .
Broadleaf weed dry weight
The various periods of enumeration of dry weed density were shown in Tab. ) while there were no significant effects at 9 WAP.
Grass weed dry weight
Grass weed dry weight was significantly lower in the citrus plots containing grain amaranth, Mucuna pruriens, large green, cucumber and Corchorus (1.68, 3.14, 4.84, 7.62 and 9.56 g m -2 respectively) than citrus/maize intercrop (76.74 g m -2
) at 3 WAP (Tab. 5). Citrus/cucumber and citrus/sweet potato plots at 6 WAP and citrus/grain amaranth and control plots at 9 WAP recorded 0.0g m -2 grass weed dry weight compared to citrus/groundnut plot at 6 WAP and citrus/large green plots at 9 WAP (44.56 and 6.51 g m -2 respectively).
Sedge weed dry weight
Sedge dry weight was only significant at 6 WAP where sedge dry weights were less than 7 g m -2 in all the plots compared with control plot ( 64.63 g m -2 ) (Tab. 5) while there was no sedge in none of the plots at 9 WAP.
Discussion
The intercropping of young citrus trees with arable crops presented variable effects on weed parameters. The experimental site was infested with three different types of weeds which were broadleaf weeds, grass weeds and sedges. Broad leaf weeds comprising of 30 species accounted for 71.43% of the infestation followed by grass weed comprising of 10 species with 23.80% while sedges with only two species had the lowest (4.76%). This high weed incidence may be attributed to the manual weed control method employed in the citrus orchard for about three years which is only effective before weeds produce flowers. In addition, the young citrus trees received moisture through drip irrigation in the dry season which some of these weeds might have taken advantage of for growth and development. The rate of occurrence of the weed species under the various treatments was less than 5%, however, three weed species: G. celosoides, O. corymbosa and T. procumbens associated with all the intercrops except that of maize at 9 WAP and the consistent occurrence of T. procumbens with higher relative frequency (2.34%) than the other two species is an indication of future dominance. This weed produces roots at the lower nodes and reproduces from seeds with an effective seed dispersal agent which will greatly affect its density in the future. Intercropping citrus with sweet potato, cucumber and large green significantly reduced broadleaf weed density compared to citrus/groundnut plot while the same trend was observed for grass weed density
